in fact related. (Ground-) water overexploitation by agriculture is exacerbating the land subsidence and salt-water intrusion issues. This is turn could impact on employment opportunities and may lead to the loss of housing stock as a result of building collapse.
All this has wider implications for development in the region. This richer understanding could be critical in making better policy decisions when attempting to mitigate climate and social change impacts. We show that the CLIWASEC clustering offers an encouraging path for other efforts in the new European Commission Horizon 2020 programme to follow.
The CLIWASEC cluster: scope and background
Climate change has been one of the main topics in the European Union's environmental policy since 1988. The EU took leadership in developing multilateral climate protection policies in highlighting climate change as a major security issue. In this context, collaborative research projects related to climate change impacts are supported by the European Commission. Climate change is impacting the Mediterranean region in myriad and distinct ways including increased frequency of flash flood events, droughts or periods of water shortages and rising temperatures (e.g. Christensen and Christensen, 2007; Giannakopoulos et al. 2009 ). Sea level rise is also an important issue (IPCC, 2013) .
Observed trends and projections for the future indicate a strong susceptibility to changes in hydrological regimes, an increasing general shortage of water resources and consequent threats to water availability and management. However, it must be clearly stated that as a result of current uncertainties in climate projections and subsequent impact models, an incomplete understanding of the impact of a climate change signal on economic mechanisms or the lack of an elaborate and integrated human security conceptual framework limitations are being imposed on water-related decision-making under conditions of climate change (IPCC, 2013) .
To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 4 CLImate-induced changes on WAter and SECurity (CLIWASEC; http://www.cliwasec.eu) was a cluster of three complementary, interdisciplinary European Commission Seventh Framework (EC-FP7) funded projects focussing on various socio-physical water-related issues throughout the Mediterranean (Ludwig et al., 2011) . The clustering brought together 44 partner institutions from across Europe and the Mediterranean, representing a critical mass of scientific knowledge, capability and collaboration with local stakeholders. In the CLIWASEC cluster, there were 23 study sites throughout southern Europe, the Mediterranean, the Middle East and north Africa (Figure 1 ), representing regions with diverse climate, societal and water-related threats being posed to equally diverse populations, levels of development and governmental systems. Of these study sites, the Nile delta region, Egypt (Figure 1 ), was common between the projects, and is the focus of this paper.
The three projects comprising the CLIWASEC cluster were: CLIMB (CLimate-Induced changes on the hydrology of Mediterranean Basins); WASSERMed (Water Availability and Security in Southern EuRope and the Mediterranean) and; CLICO (CLImate change hydro-COnflicts and human security). These projects had wide and differing remits, but all focussed on a range of water-related security issues throughout the Mediterranean. With respect to this paper, CLIMB (www.climb-fp7.eu), focuses on climate change impacts to hydrological cycles, using extensive field measurements and multi-parametric remote sensing to monitor environmental change and to parameterise and interface land surface models with hydrogeological models in the western Nile Delta. WASSERMed (www.wassermed.eu) was focused on assessing water-related security threats, including those to agriculture, tourism and economies. System Dynamics (Ford, 1999 ) is used to assess water-related security concerns in Rosetta (Nile Delta), incorporating agricultural and trade issues. Focusing on the Mediterranean, the Middle East and the Sahel, some of the global regions most exposed and vulnerable to hydro-climatic changes, CLICO's To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 
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(www.clico.org) aim was to understand under what conditions hydro-climatic hazards intensify social tensions or provide a catalyst for cooperation. In the Greater Alexandria case study, the focus for this paper was on the anticipation of potential human security risks arising from a hypothetical scenario of large scale preventative resettlement in response to sea-level rise (SLR). For the purposes of this paper, we use the common Nile delta study area and a common driver (SLR) to highlight the added value of project clustering as opposed to analysing the results from the three projects individually. Figure   2 illustrates conceptually how the projects interacted, and the aspects that each project focussed on to contribute to the integrated assessment presented in this paper.
Egypt has a population of 75 million, 51% of whom live in rural areas and 49% in cities.
Its annual average rainfall is characteristic of arid regions and ranges, from south to north, from 51 to 200 mm (OIE). The volume of water consumed in Egypt is 68 km 3 of which 86% is dedicated to agriculture. Ninety-five percent of the water derives from the river Nile which crosses in total 10 countries on its 6500 km course. In the context of the construction of the Grand Ethiopian Renaissance Dam under construction on the upper Nile, geopolitical stability requires a better knowledge on water threats over the region.
While the CLIWASEC projects had wide research remits, for the purposes of the interdisciplinary research presented in this paper, we focus solely on those impacts to the Nile delta that are related to local sea-level rise. Regarding the general CLIWASEC thematic setting, a majority of plausible hydro-climatic projections suggest lower Nile flow availability for Egypt in the future mainly resulting from regional climate change and social changes such as population growth and development, and increases in SLR. These changes will have considerable impacts on society and regional economic activity.
However there is considerable uncertainty in these predictions. For example, estimates of changes to Nile flow volumes relative to today range from +60% to -50% (Conway, 2005; Kingston and Taylor, 2010; Beyene et al., 2011) . Dasgupta et al. (2007) and El-Raey
To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 6 (2010) provide estimates on the decline of national income and other physical and socioeconomic impacts for a range SLR scenarios. Based on these studies, there are existing social, economic, and political problems that will be exacerbated by SLR. In addition, the 'Arab Spring' of 2011 highlighted the potential for dramatic, sudden social and governmental change to introduce considerable uncertainty into estimates for the future development of populations and/or governance structures. Furthermore, taking into account projected SLR over and above expected local land subsidence (for the Alexandria region of the Nile delta, land subsidence alone is currently estimated at 0.4 -2.0 mm yr -1
, El-Raey et al., 1999) this is likely to cause increasing loss of low-lying coastal areas which are particularly important for agriculture and local economies, and will lead to sea water intrusion into near-coastal aquifers, impacting on coastal freshwater sources. It is predicted that agricultural activity on the Nile delta could be considerably affected by SLR. This will also be the case for coastal populations and the predicted yetto-be urbanised Alexandria hinterland as a large portion of land is lost to SLR, subsidence, and environmental degradation. For example, a SLR of 0.5 m above land subsidence in the Nile Delta would affect c. 3.8 million people and 1800 km² of cropland, while SLR of 1 m by 2100 would directly impact 6.1 million people and 4500 km² of cropland (Fitzgerald et al., 2010) . The strongly growing population will be exposed to an increasing risk of extreme events, such as flooding following storm surges (Dasgupta et al., 2009 ), and will put increasing pressure on available water resources and financial resources for protecting vulnerable coastal areas.
It is clear that a range of climate and social changes could converge to impact the Nile delta area in a range of natural-societal ways. In order to properly assess how any impact may affect the Nile delta area as a whole, integrated, interdisciplinary assessment of the problems and of the impacts is required. This is what the CLIWASEC cluster of projects aimed to achieve by combining work from a water-resources, a hydrological and a socialTo be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 7 science point of view at one common case study area focusing on one driver. The complementarity between the three CLIWASEC projects allows for integration of the different results for the region. The results, due to their breadth, could be used to derive policy recommendations for decision makers, the Water Framework Directive, EU policy in general and how future projects could be better clustered. This work highlights lessons learnt as a result of such a multi-project, multi-disciplinary undertaking (Quevauvillier et al., 2012) . This paper summarises pertinent results for the Nile delta region from each project individually and provides a synthesis of the complexity apparent resulting potential consequences, with commentary regarding the added value due to the clustering of these three research projects, and for future research projects.
Hydrological change and SLR impacts on infrastructure in the Greater

Alexandria area
The CLIMB research framework was based on the implementation of multi-model hydrometeorological ensembles and the comparison of changing hydrological quantities from a reference to a projection period . The analyses revealed a general reduction in annual precipitation sum of varying magnitude, moderate shifts in the seasonal rainfall patterns, and an overall increase in drought risk. In conjunction with higher temperatures in all seasons and the consequent increase in potential evapotranspiration (ETpot), the actual evapotranspiration (ETact) diminishes as a result of drier soils. Overall in the Nile delta, including the coastal regions, changes in in-situ hydrological quantities remain relatively small and, due to the little amounts of change, below the level of model uncertainty. Only temperatures increase considerably, the projected reduction of precipitation is very low (-2%) and results in a slightly decreased soil water content. Existing pressures on water resources, partly related to climate change, are however diverse; the region is highly vulnerable due to urbanization, soil and groundwater salinisation, pollution, land degradation and poor management practices
To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 8 (e.g. El-Sadek, 2010; Gohar and Ward, 2010; Shaban et al., 2010) . Notably, stakeholder interviews revealed that population growth and urbanization are considered the main pressures on water resources for the next 20 years, dominant even over agricultural irrigation. For the Nile delta, the situation is expected to become more complex due to the superposition of geopolitical issues around transboundary river systems.
In addition, CLIMB utilised field measurements and multi-parametric remote sensing to monitor environmental change to parameterise and interface land surface models and hydrogeological models in the western Nile delta around Alexandria. The toolset developed and the corresponding results reveal local land subsidence to be in-part related to overexploitation of groundwater and consequent seawater intrusion. Climate projections for the region indicate an increase in annual surface freshwater volume deficit, a result mirrored in WASSERMed (Sušnik et al., 2013, Section 3) . This deficit will impose additional demands on irrigation and domestic water supply, potentially leading to even greater levels of groundwater exploitation, exacerbating the problem. This in turn has implications for the general state of water security in the region, which is also threatened by landward propagation of saline groundwater due to over-pumping and land loss due to SLR.
The majority of salt-affected soils in Egypt are located in the northern-central part of the Nile Delta on its eastern and western sides (Gehad, 2003) . With approximately 900 000 ha of cultivated irrigated areas suffering from salinisation problems, c. 60% of the cultivated lands of the northern Delta region are salt-affected. This has important implications for crop production in the region, which is a key part of the local economy. In some coastal areas, especially in the Greater Alexandria Area, the extraction of groundwater for irrigation and domestic supply has proceeded to the point where intrusion of saline seawater has seriously degraded the quality of these resources (Kotb et al., 2000) .
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In addition to the impact on soil degradation, pronounced sea-water intrusion into nearcoastal aquifers due to groundwater overexploitation, coupled with SLR, has destabilised the clayey alluvial soils. This effect exacerbates the tendency for land subsidence, with small scale local topographic deformation, including the formation of major cavities and the spontaneous formation of sinkholes (Mohamed et al. 2008) , causing severe damage to buildings and critical infrastructure. In recent years, this effect has been responsible for several building collapses and casualties in the Alexandria region. Many buildings are abandoned or at serious risk of becoming uninhabitable, increasing the probability for further resettlement of the local population (see the related impact of this in Section 4).
CLIMB has employed a rigorous image analysis procedure, conventional Differential Synthetic Aperture Radar (DiffSAR; Berardino et al., 2003) and Interferometric Point Target Analysis using multitemporal Advanced SAR (ASAR) imagery (Werner, 2003; Zhang et al., 2011) , to identify land subsidence in the Greater Alexandria area. The overall concept is based on the assumption that when lowering the hydraulic head in a hydrogeological system by pumping groundwater, effective stresses increase. This increase is responsible for the compaction of compressible layers within the coupled ground-water system and eventually for land surface subsidence. After precise coregistration of imagery and the generation of interferograms, the topographic phase contribution was removed by using shuttle radar topography mission (SRTM) data to estimate the displacement contribution. The Persistent Scatterer Interferometry technique (PSI, Ferretti et al., 1999; Laukens et al., 2010) was developed and applied to eliminate the topographic contribution and allow for measurements of displacement (land subsidence) in the sub-centimeter range. To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 10 the literature (El-Raey, 2010), the range of values (-7 to +7 mm) reveal the small scale spatial variability of topographic deformation and explains the stress and consequences of displacement upon the built infrastructure in the urban centre of the region (images on right of Fig. 3 ). The techniques developed and applied as part of the CLIMB project show how different data sources can be successfully integrated to assess the damage potential to urban areas as a result of overexploitation of groundwater resources, highlighting a different aspect to the water resources work of WASSERMed (Section 3). These results could have important implications for relocation of local citizens, a process which was studied in detail in CLICO (Section 4), for future urban development in the region, and may inform future groundwater pumping rules and regulations such that further detrimental impacts to infrastructure and soil and water quality can be minimised.
Examining SLR impacts on water and food security in Rosetta
WASSERMed, with a focus on the water-agricultural system, used System Dynamics Modelling (Ford, 1999; Sušnik et al. 2012 ) to assess water security concerns in the water, food and economic sectors in the Rosetta region of the Nile delta ( Figure 4 ; Sušnik et al., 2013 ). The systems model was developed specifically for this project, allowing it to be targeted to the requirements of the project and of the local partner/stakeholder. The integrated systems model was developed in cooperation with local WASSERMed partner ECRI (Environmental and Climate Change Research Institute). This ensured that the model structure was suitable to the problem being studied, that necessary data were available, that the model objectives and expectations were realistic and that results were reasonable, representative and ultimately useful. While water-balance assessment was the main objective of the model and the project, modelling efforts were extended to include analysis of crop yield and revenue for the Rosetta study area, assessing the impact of a) altering cropping patterns on the local irrigation water demand, water balance, crop yield and revenue, and; b) exploiting international markets and developing
To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 11 positive feedback relationships to further local development opportunities. The modelling undertook analysis of the potential impacts of climate change, changes to Nile flows, and changes in domestic and industrial water demand. The impact of SLR on water, economic and food security is directly modelled. Detailed descriptions of the model development, structure, data and assumptions, results and analysis can be found in Sušnik et al. (2013) . Briefly, the integrated systems model was run at a monthly timestep from 2010 to 2050. For every timestep the water sources, water demands, water balance, crop water requirements, food production (for nine crop types), revenue from agriculture and land loss due to SLR were calculated from model rules. Here, only those results pertinent to SLR impacts and altering cropping patterns are reported from the wider study.
Land subsidence means that the sea surface is rising relative to the land at a rate currently at about 2 mm yr -1 (0.08 m by 2050; El-Raey et al., 1999; OECD, 2004) . Due to uncertainties surrounding the magnitude of additional SLR resulting from thermal expansion and ice-melt, the impacts on Rosetta water resources and food production resulting from SLR in the range 0.1-0.5 m to 2050 was tested. The amount of SLR was converted to a proportion of land loss through a regression relationship given by El-Raey et al. (1999) . During the SLR tests in the systems model, all other model parameters were held at baseline levels (Sušnik et al. 2013) , allowing for the isolation and assessment of the impact of SLR to the agricultural sector and the local water balance.
In addition to the SLR tests, a suite of 'what-if' scenarios were simulated assessing the impact to the water balance, crop yield and revenue as a result of altering the current cropping pattern to different degrees. Of the nine crops that were included in the model, changes were made to four. The current area planted with rice, a water-intensive crop, was replaced with different proportions of cotton, vegetables and wheat, depending on the scenario. In the extreme case, all the rice was replaced with the other three crops. It
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Modelling suggested that the water resource is currently over-exploited, but this can be alleviated through a suite of complementary policy measures aimed at reducing demand (Sušnik et al., 2013) . More specifically, results for SLR simulations ( Figure 5) show that as the total amount of SLR increases, the amount of agricultural land loss increases to a maximum of 13% loss at 0.5 m SLR. This has both positive and negative impacts. On the positive side, because there is less agricultural production and therefore lower crop water requirements, overall water demand decreases, easing the pressure on the water resource and the local long-term water balance ( Figure 5 ) and maintaining water quality.
However, the reduction in agricultural output also translates into local food yield and economic output declines, and as a result, land losses are seen as a net negative impact for the region, with potentially serious implications for food security, economic development and the ability to engage in international trade. Many local citizens are engaged in agriculture, and as such loss of income from this sector could impact their ability to own a home or relocate due to SLR impacts (Section 4). At the local/regional level, the costs of defending this rich agricultural land from SLR must be weighed against the benefits of securing agricultural jobs and income in the area.
Cropping pattern simulations showed interesting results ( Figure 6 ). The general trend is that as more of the current agricultural area planted with rice is replaced with cotton, vegetables and wheat, the overall water balance improves as crop water requirements drop, the local crop yield increases and the local economic output from agriculture increases relative to the present situation ( Figure 6 ). The potential implications are important. It is suggested that by replacing one type of crop with others that are currently being grown, farmers could improve their livelihoods and contribute to an improvement in
To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 13 the local economy due to the potential for enhanced trade. At the same time, is it possible that pressure would be reduced on the water supply, maintaining quantity and quality, potentially helping to mitigate against adverse climate impacts and SLR, essentially acting as an insurance option.
Anticipating vulnerabilities in the course of preventative resettlement in the face of SLR
The CLICO case study in Alexandria focuses on exploring and anticipating new vulnerabilities and security concerns evolving from an adaptation scenario of large scale preventative resettlement, the potentially only viable response to SLR in the Greater
Alexandria region, where 35% of its densely populated area resides below sea-level.
Exposed households' preferred and required employment opportunities and housing conditions were identified and by anticipating the future socio-economic and institutional framework conditions that may restrict their provision, subsequent security concerns were highlighted. The following assessment steps were carried out:
(1) Assessing the conditions that deem coastal areas uninhabitable by exploring the drivers and processes that increase the exposure of Greater Alexandria to SLR.
Based on past developments, trends in urbanisation and their spatial directions were overlaid with the spatial entities most likely affected by SLR.
(2) Identification of vulnerable groups and the conditions/factors that increase the likelihood of displacement. Poor households may be trapped in unsafe conditions (i.e. lack the capacity to migrate) and some may refuse to participate in resettlement programs.
(3) Exploring vulnerable groups' adaptive capacity to attain sustainable livelihoods in the community formation phase of resettlement. The focus is on whether employment and housing security can be attained given household employment
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Methods applied were based on: (1) secondary data such as geo-spatial data, SLR projections, socio-economic statistics, urban development reports to estimate future exposure and socio-economic conditions; (2) primary data generated by a household survey (500 samples) to assess exposed households' adaptive capacity and their anticipated resettlement behavior. A "choice experiment" (a research method to mimic peoples' choices and identify their preferences) was applied to understand people's resettlement preferences and willingness to participate in hypothetical resettlement programs. This work is detailed further in Gebert et al. (2013) .
Results of the household survey conducted show that large parts of the densely and WASSERMed, it is apparent how a combination of climate, hydrological, and social change could bring about those drivers that result in either forced or planned resettlement, and provisions should be made in advance if such a situation arises. CLICO has also highlighted the utility of assessing future exposure (for example using point 1
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In particular, when considering the prospects and future vulnerabilities as a consequence of preventive resettlement, 'income' and 'housing' security were identified as critical factors. With respect to income security, farming and fishing households are especially vulnerable, potentially facing long-term unemployment when aiming to re-enter their former employment market in the course of resettlement. There are a number of factors that drive this trend, but the two main factors are: (1) farmers' loss of productive agricultural land due to SLR (which could also impact on revenue generated, see results from Section 3), potentially up to 13% (ECRI, Pers. Comm.), the potential loss of agricultural land due to the rise of informal settlements and the continuous decline of the agricultural sector and employment market as a consequence of increasing land scarcity (land degradation, urbanisation, land loss due to SLR); and (2) the lack of farmers' and their household members' flexibility to engage in other income opportunities, due largely to homogeneous household employment profiles in farming.
For housing security, the situation in Egypt is paradoxical. Whereas oversupply exists for high-end housing, housing shortage is severe for low and middle income segments.
Twelve to fifteen million people in Egypt have inadequate access to housing (Jacobs and Hossam, 2008) . In Alexandria, 40% of the population lives in squatter settlements (World Bank: GOPP, 2008) . In addition, the rental market is small and inflexible. Due to a law granting lifetime tenant protection, owners have little means to acquire personal use of their owned properties. Moreover, legally fixed low rental prices at the level of the 1950s and high construction costs provide little incentive for the expansion and development of a housing market for low and middle income groups. Taking SLR in Alexandria into account, the absence of a rental and real estate market for affordable housing may give rise to more informal settlements in the future. Thus, policies to enhance the development
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of an affordable housing market should include liberalisation of the tenancy law, including the cancelation of dismissal protection and fixed rent prices as well as ensuring access to the development of a housing credit market system for a larger segment of the population. Moreover, subvention policies and incentives are needed that allow for the realization of publicly and privately invested affordable housing projects (Jacobs and Hossam 2008) .
Summary of project results: the need to avoid silo thinking
This section briefly summarises the results from the three projects. It shows that each project is dealing with complex and important issues that merit their own spotlight, while demonstrating that each project could easily be viewed in isolation, depriving the opportunity for a glimpse of the bigger, integrated, picture (Section 6).
CLIMB estimated total ground water extraction, helping to place local limits on safe To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 17 local relocation. CLIMB results were disseminated to water management bodies and local water users through local workshops lead by CLIMB's Egyptian case study leader. One important finding was to reveal how strongly water users rely on water coming from desalination for supply. However, costs for desalination plants and for water transportation make this water resource expensive (Boyé, 2008) . . Even if desalination had started 100 years ago in Egypt, the water volume coming from desalination would reach only 100 million m 3 , concentrated in the Red Sea coastal areas. Energy requirements and technologic knowledge would be limiting factors (Reham et al., 2007) .
The potential impact of SLR, while not directly affecting in a negative way water supply, would be detrimental to both food security and local economy as shown by
WASSERMed. Through the reduction of high-quality agricultural land, farmers could be forced to scale back operations, relocate operations or find new ways of improving crop yield and/or economic revenue, for example by altering cropping patterns and possibly in exploiting international trade. If such gains cannot be met, farmers and their families may be forced to relocate, which, as shown in CLICO, has its own complex issues. There is a fine balance between the cost of defending against SLR, and the benefits that this would have to offer in terms of continuation of the dominant agricultural activity, the preservation of the local water balance and economy, and the ability for families to remain in place.
Assessing potential security concerns arising from the challenges posed by the resettlement of communities due to future SLR is important in order to raise awareness of these concerns and challenges in Alexandria as shown in CLICO. It would play an important role in providing decision-making support to governments and urban planners when incorporating SLR and resettlement planning into policy. Incentive-based resettlement programs tailored to people's requirements are needed to reduce potential conflicts which might arise resulting from non-participation in and the mismanagement of resettlement programs. Policies dealing with climate change and SLR should include risk
To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 based land use policy, and focus on transformations in employment structures away from agriculture and fishing. The identification of resettlement sites in advance, vocational training, the creation of employment and opportunities in various employment sectors, and the provision of socially acceptable housing would be of great benefit with regard to increasing participation in and the sustainability of planned resettlement programs.
Synthesis: towards interdisciplinary research
The three projects joined together (Figure 2 ) to identify and foster scientific synergies and to establish a more focused and efficient policy outreach strategy. Major building blocks of this collaboration included scientific exchange and review, identification and utilization of complementary monitoring and modeling methods, harmonization and data sharing and discussion of dissemination strategies. The projects hosted joint annual meetings, thus creating a joint dissemination plan for presenting the project results, and set-up a project web-portal to host and advertise further related projects. During the concluding conference, the projects presented a joint 'Summary for Policymakers ' (2013) . The dissemination of research results continues to date at scientific conferences and through network meetings with stakeholders.
An important conclusion from the CLIWASEC cluster is that the results from the three projects show that the different avenues of research, while diverse, address closely related issues that affect each other. The complex interweaving of many disparate aspects can be highlighted by clustering complementary projects such as those in CLIWASEC. Here, the impacts of sea-level rise were studied independently by three different projects with three different aims, but with a common driver and study area.
Through the CLIWASEC cluster, we have an opportunity to explore these connections, and understand how SLR affects many processes, moving away from silo-thinking. This complexity is illustrated below.
To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 WASSERMed has shown that SLR of 0.5m could contribute up to 13% land loss, possibly leading to issues surrounding food availability and security which go beyond the scope of this paper. In addition, the water resource is being over-exploited. Altering cropping patterns, and potentially further exploiting international trade, could compensate for some land loss and mitigate resource over-exploitation ( Figure 5 and Sušnik et al., 2013 could be exacerbated by current institutional frameworks relating to housing and rental market. All these issues combine to have potentially serious implications for local development.
As shown in Section 5, it would be easy to isolate the projects' research, itself a formidable task, especially when the myriad uncertainties associated with each subject
To be cited as: , Interdisciplinary assessment of sealevel rise and climate change impacts on the lower Nile delta, Egypt, Science of the Total Environment, Vo. 503, pp. 279-288, doi: 10.1016 /j.scitotenv.2014 20 are considered. However, through the exploration of the interconnected issues resulting from SLR, it is shown that when taken together, project clustering has added richness to the individual results. Impacts related to land loss, a declining water balance, reduced farming opportunities due to water and soil degradation and damage to infrastructure all contribute to possible social-economic problems that could manifest in ways such as unemployment, food and water shortages, reduced opportunities to re-engage in This integrated analysis shows how carefully policy-makers must consider all possible impacts, even if some of these are not immediately obvious, and recognise that a) some impacts may be missed and; b) that some drivers will probably be neglected. This paper has focused on SLR, without considering changes to regional precipitation predictions, changes to Nile flow volumes, to average temperatures, socio-demographic evolution and so forth, all of which adds yet more complexity. This does not detract from our message that holistic, integrated assessment of impacts, gleaned through the clustering and multidisciplinary collaboration of thematically related projects, is required by scientists and policy-makers. Research can provide the analysis framework and results which may then be used in policy-making to help shape important decisions accounting more fully for inter-related impacts. If results and implications are delivered and analysed in fragmented, unrelated 'silos', important connections may be missed. CLIWASEC has illustrated the benefit of examining inter-related issues in an integrated way.
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Despite the promise of clustering shown by CLIWASEC, there is room for improvement in future clustering activities. The projects were clustered after formal, separate, approval of the individual projects, and were clustered on the common study area (i.e., forming a multidisciplinary approach to a common problem; Quevauviller et al., 2012) . For the first year of the clustering, relatively little interaction occurred between projects. At an annual CLIWASEC cluster meeting at the end of the first year of the projects, it was agreed to focus on SLR in the Nile delta as the common theme and to agree on common project activities, defining the transition from the multidisciplinary research of Quevauviller et al. (2012) to more interdisciplinary assessment of issues. Still, genuine interdisciplinarity was not achieved. Improvements such as agreeing case study sites and common research activities between projects should be agreed before project outset, and is being addressed in the new Horizon2020 Programme. In this way, communication between parties is established prior to project initiation, and the common ground is laid for research and sharing of results and data. This would lead to more effective interdisciplinary research into complex issues with more robust findings and policy messages, something that is being called for ever more often. The key points from our analysis of this clustering can be summarised as:
 Clustering should occur right after project approval, with potentially clustered projects aligning their aims to more closely match each other;
 Time and resources should be explicitly invested into clustering, as for example extra resources for pursuing interdisciplinary integration and perhaps after the end of the projects.
 More integrated analysis of results leads to a better understanding of the 'bigger picture' surrounding complex issues, meaning policy makers have a deeper understanding of social-ecological systems;
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 Clustering adds richness to individual project results, and provides additional opportunities for researchers to work beyond academic silos;
 Where possible, clustering is recommended for future research, particularly as it offers a clear route towards truly interdisciplinary research.
This paper shows the importance of effectively clustering related projects and comparing and analysing results in a common framework, and fulfils some of the potential set out in Ludwig et al. (2011) . While this is a good start, goes beyond mutlidisciplinary research, and represents a step in the right direction, it still falls short of genuine 'interdisciplinary'
research. The work in CLIWASEC for the Nile is far more integrated than the originally expected multi-disciplinary and multi-project independent studies for the same region, with sea level rise analysis providing a common research objective. The CLIWASEC cluster of projects shows that such interaction between disciplines can add considerable richness to results, with consequent improvements in impact assessment resulting from environmental and social change. Holistic results in turn will guide policy-makers and shape EU policy (Quevauviller et al., 2012) , which must deal with many complex issues simultaneously. It is hoped that such clusters continue into the future, build on the lessons learnt through CLIWASEC, and that they lead the way towards integrated interdisciplinary research.
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